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Cleveland, Ohio 

I n  a previous work’ we reported isothermal decay c h a r a c t e r i s t i c s  

N and k i n e t i c  order of alpha-irradiated Harshaw Optical  Grade NaC1,  KC1, 
F 
LD 
N 

w I and KBr. The N a C l  and KBr showed f i r s t - o r d e r  k ine t ics ,  whereas KC1 

showed a k i n e t i c  order of 3 / 2 ;  the  r e s u l t s  f o r  NaCl and KBr were i n  

accord with e a r l i e r  viCws.2 Further invest igat ion by us has revealed a 

more complex behavior for the  same three salts obtained from other 

sources.3 An apparent- k i n e t i c  order of l e s s  than one w a s  found f o r  a l l  

th ree  sa l t s  and w a s  common t o  nearly a l l  the  sources.4 Such anomalous 

k i n e t i c s  ( l e s s  than f i r s t  order) indicate  t h a t  more than a s ingle  pro- 

cess  i s  involved. It i s  believed t h a t  the  anomalous k i n e t i c s  a r e  asso- 

c ia ted ,  i n  par t ,  with the  absence of OH- ions i n  t h e  c rys ta l s .  
- 

Single c r y s t a l s  were i r rad ia ted  i n  t h e  as-received condition a t  

room temperature using e i t h e r  10-MeV protons, 40-MeV alphas or 2-MeV 

electrons;  the  k i n e t i c  results were found t o  be independent of the  

i r r a d i a t i o n  p a r t i c l e  over the range of flux l e v e l s  employed 

1017/cm2). 

r e s u l t e d  i n  the  temperature range of 25 t o  300’ C; furthermore, the peak 

to 

For flux l e v e l s  of 1014/cm2 or greater ,  only one glow peak 

w a s  composed of a s ingle  spec t ra l  band.’ 

by means of isothermal annealing near the  previously determined glow peak 

temperature; the  t o t a l  i n t e n s i t y  of t h e  luminescence I was measured as  a 

The k i n e t i c s  were invest igated 

funct ion of t i m e  t. 
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I f  a s ingle  process were involved, 

( a t  const temp. ) (1) 
- dC n 
d t  - '1 ' I=-- 

where C i s  the concentration of reacting centers,  y1 i s  t h e  r a t e  

constant,  and n i s  the k i n e t i c  order (0, 1/2,  1, e tc .  ). It can be 

shown for Eq. (1) t h a t  a p l o t  of log I versus t should be a s t r a i g h t  

(l/n-l) versus t should be a s t r a i g h t  l i n e  if  n = 1, and a p l o t  of I 

l i n e  i f  n # 1. 

1 

6 

Typical da ta  (Fig. 1) show t h a t  n # 1; the  d i rec t ion  

of curvature ind ica tes  n < 1. Since the  a c t u a l  value f o r  n i s  

0.7 f 0.1 (obtained from p l o t s  of VS t > J  n should be i n t e r -  

preted only as a n  apparent k i n e t i c  order i n  the present invest igat ion.  

h simple model (Fig. 2 )  f o r  explaining such behavior c o n s i s t s  of 

two competing processes; a f i r s t - o r d e r  r a d i a t i v e  one ( s o l i d  l i n e s )  and 

a zero-order rad ia t ion less  t r a n s i t i o n  (dashed l i n e ) .  For such a model 

-dC - -  ( a t  const temp. ) d t  - y1 -k YE 

where r2 i s  the  zero-order-rate constant. The exact nature of the 

zero-order process i s  not clear.  The emission process, however, i s  

somewhat b e t t e r  understood, the in tens i ty  being given by the  equation 

€ =  y c (at  const temp. ) 
1 

It should be noted t h a t  f o r  our model 

t h e  integrated form of Eq. ( 2 )  y ie lds  

I # -dC. Combining Eq. (3) with 
d t  

- l n ( I  + y,) = ylt + K (4 )  

where K i s  the  constant of integration. With proper choice of yZJ 

Eq. ( 4 )  f i t s  the  present da ta  a s  w e l l  as, i f  not b e t t e r  than, t h e  p l o t ,  
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I(l/n-l)versus t. The values of y1 and y2 obtained i n  t h i s  manner 

f o r  a p a r t i c u l a r  temperature vary s l i g h t l y  from c r y s t a l  t o  c rys ta l .  How- 

ever, it may be s t a t e d  t h a t  approximately 30$ of t h e  t o t a l  decay proceeds 

by t h e  zero-order process. 

Certain experimental results ( a t  l e a s t  f o r  N a C 1 )  ind ica te  t h a t  t h e  

anomalous kinetics are associated with the  absence of OH- ions:7 

(1) Not a l l  samples for which 

t h e  ones that  were examined showed e s s e n t i a l l y  no OH- absorption band. 8 

( 2 )  Harshav N a C l  t h a t  had been heat t r e a t e d  i n  an H C 1  atmosphere t o  

neut ra l ize  the OH- i o n s  had no OH- absorption band and showed 

(3)  N a C l  samples, normally showing 

n < 1 were examined for OH- content, but 

n < 1. 

n < 1, showed as high as  3 / 2 ' s -  

order k i n e t i c s  as wel l  as the  OH- absorption band, a f t e r  being heated 

near the melting point  i n  moist argon f o r  48 hr .  The v a r i a b i l i t y  of 

order from source t o  source i n  t h i s  l a t t e r  case ind ica tes  t h a t  the  OH- 

ion may not be the sole  entity'' involved. 

A more d e t a i l e d  study of the impurity e f f e c t s  i s  now i n  progress. 

I 

t 
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Optavac, and Isomet Company. 

4. The exceptions were: Semi-Elements KC1, 3/21 s order ( re f .  1); Optavac 

KBr and Semi-Elements KBr and KC1, var iable  ( e s s e n t i a l l y  1st o r  l e s s  

than 1st). 

5. Semi-Elements KBr showed t w o  spec t ra l  bands. 

6. A s t r a i g h t  l i n e  p l o t  of log  I vs. t would a l s o  r e s u l t  from a pro- 
- dC 

cess  where 1 = = y1 C + y2. 

W 
7. O u r  m o d e l  would require  the r a d i a t i o n l e s s  t r a n s i t i o n  t o  be inh ib i ted  

by the  presence of OH- ions. 

8. H. W. E t z e l  and D. A. Patterson, Phys. Rev., - 112, 1112 (1958). 

9. D. A. Otterson, J. Chem. Phys., - 34, 1849 (1961). , 

10. Other species may be divalent  metal ions o r  other oxygen bearing 

anions. 

D. A. Patterson, Phys. Rev., - 127, 1564 (1962). 

The 05 band has been reported t o  accompany the  OH- band; 
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Fig. 1. Isothermal decay of NaCl showing 
apparent kinetics of less than first order 
(T = 265O C). 
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Fig. 2. Model of process. 


